Introduction
It is estimated that, until June of 2015, in Brazil, there were 798,366 cases of persons infected with the human immunodeficiency virus (HIV). Among them, 8.4 for each 100 thousand inhabitants were children under 15 years old. Upon evaluating the exposition category among individuals below 13 years old, almost all cases had vertical transmission (VT) as the form of infection.
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In the period from January of 2000 to June of 2015, 92,210 cases of pregnant women with HIV were registered, and most of them resided in the Southeast region (40.5%). In Belo Horizonte, the epidemiological results at the end of 2013 showed HIV detection in 1.9 of each 1,000 live births.
From the start of the HIV/AIDS pandemic until modern days, effective interventions for reducing HIV VT were identified, such as: use of antiretroviral therapy (ART) during pregnancy, regardless of the maternal immunological state; elective cesarean section on some specific situations; and replacement of maternal breastfeeding for infant formula.
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In addition, recent studies showed that the early start of ART not only improved the life quality of HIV-infected pregnant women, 10 but also reduced the risk of virus transmission. 4, 11 A viral load (VL) reduction to undetectable levels as a consequence of using ART, associated with an adequate indication of mode of delivery and with no maternal breastfeeding, decreased the HIV mother-to-child transmission (MTCT) risk. This was evidenced by the reduction of VTrates from 25% to less than 1%. 3, 5, [12] [13] [14] Therefore, throughout the years, these recommendations have been adopted by several countries, including Brazil, and also by the World Health Organization (WHO).
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Interventions such as those described substantially reduced the HIV VT risk and were incorporated into the national recommendations for the treatment of pregnant women with HIV. 6 In Belo Horizonte, the broadening of access to the services of VT prevention resulted in an important decrease in new cases of neonatal infection, between the years 2006 and 2014. 1 Thus, in the current scenario, it is relevant to describe the local epidemiology of HIV VT, the procedures that are being developed for the infection's prevention, and the effectivity of the currently proposed measurements for the reduction of the virus perinatal transmission. Therefore, the proposition of the present study is to assess the VT rate in a perinatal cohort of mothers from the metropolitan area of Belo Horizonte infected with the HIV-1, and identify the main risk factors for this transmission.
Methods Population and Study Design
This is a prospective observational study performed at Hospital das Clínicas da Universidade Federal de Minas Gerais, and at a reference center on infectious and parasitic diseases, both in the state of Minas Gerais, Brazil, including HIV-1-infected pregnant women and their exposed newborns, both followed in the outpatient clinic, from January of 2006 to December of 2014.
The clinical and laboratory data were collected via standardized forms, including maternal data about the HIV-1 infection, the pregnancy and labor, the ART during the pregnancy, and the disease's classification, according to the Centers for Disease Control and Prevention (CDC). 16 The results of lymphocytes T CD4 counting and maternal VL performed within 3 months before and/or after labor were also collected for analysis. Children were monthly evaluated during the first 6 months of life and, then, every 3 months, until the definition of their infectious status, with the compilation of the clinical and laboratory data of these visits. The modes of delivery were categorized as elective C-section, intrapartum C-section, or vaginal delivery. The antiretroviral schemes were described as: zidovudine as monotherapy (ZDV); double therapy with two nucleoside analog reverse-transcriptase inhibitors (NARTIs); and combined highly active antiretroviral therapy (HAART), with two NARTIs plus a protease inhibitor or a non-nucleoside reverse-transcriptase inhibitor (NNRTI); or no therapy in any stage of pregnancy. The time of rupture of membranes was considered prolonged if it occurred 4 hours or more before the birth. Children were classified as low birth weight if they weighed less than 2,500 g, and as premature if the birth occurred before 37 weeks of gestational age, evaluated by the physical exam upon birth or by the estimated gestational age. 17 The HIV-1 infection was defined in children presenting: a) plasmatic VL higher than 5,000 copies/mL in The perinatal cohort, which started in 1997 and is ongoing, was previously approved by the Research Ethics Committee of the institution (ETIC 008/97). More details regarding the methodology and definitions of the cohort can be found in the previous publication. 18 As with any prospective cohort, and following the national guidelines for HIV treatment during pregnancy, we observed a significant indication of a more complex antiretroviral regimen than in the previous study, which had included Zidovudine monotherapy.
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Statistical Analysis
The database was generated in EpiData, version 2.1 (EpiData Association, Odense, Denmark), and the analyses were performed using the SPSS software, version 17.0 (SPSS Inc. Chicago,IL, USA). The relations between maternal factors and the children's infectious status were initially assessed via univariate analysis, chi-squared test, Fisher exact test, chi-squared test for tendency, Mann-Whitney test and odds ratio (OR) estimate. A confidence interval (CI) of 95% was used. The multivariate analysis was performed using the logistic regression model in the following sequence: preliminary selection of the univariate analysis' variables, with inclusion in the multivariate model of those with p < 0.25 and a few variables that, although they did present values of p < 0.25, are described in the literature as associated to VT risk. The modeling was performed via construction of complete models with all the variables selected for the analysis and the successive disposal of the variables that did not change, in a significant way, the related OR and CIs. For the construction of the final model, the level of significance considered was of 0.05. The evaluation of the models was performed using the likelihood ratio test.
Results
During the period from January of 2006 to December of 2014, 690 mother-child pairs were evaluated. However, the present study was performed with 673 pairs, because data of 17 pairs (2.5%) were excluded due to the non-definition of the child's infectious status. Mother-to-child-transmission of HIV-1 was found in 13 children (13/673 -1.9%; CI 95%: According to the self-declared racial origin, 268 (39.8%) of the interviewed mothers considered themselves as African descendent, 442 (65.7%) had a stable marital relationship and 322 (47.9%) had less than 8 years of formal education. Information regarding how women in the study acquired HIV-1 was available in 501 (74.5%), and in 89.7% of them, the most frequent way of infection was the contact with an HIV-infected partner. The majority of the pregnant women was asymptomatic or had mild symptomatology (CDC93 Class A). Information on the timing of rupture of the membranes was available in only 236 (35.0%) cases, and there was no association with a higher risk of HIV VT. Maternal complications during pregnancy, such as urinary tract infection and/or vulvovaginitis, were also not associated with VT (p ¼ 0.06), despite being in the limit of statistical significance.
Some maternal characteristics are presented in ►Table 1. There was no difference between the age of mothers with infected and non-infected children (p ¼ 0.42). Fifty-one (10.2%) mothers affirmed being illicit drug users and the use was almost significantly associated with a higher risk of VT (p ¼ 0.05; OR ¼ 6.0; CI 95%: 0.9-36.9). A maternal VL higher than 1,000 copies/mL was significantly associated with a higher risk of VT (OR: 6.6; CI 95%: 1.3-33.3), and a tendency of association with maternal immunosuppression may be observed. There was no significant difference between the infected and non-infected children regarding median weight at birth (2,680 g versus 2,855 g respectively; p ¼ 0.23), low weight at birth (38.5% versus 23.2%, respectively, p ¼ 0.21), or prematurity (33.3% versus 17.6%; p ¼ 0.17). Maternal breastfeeding was reported by only 10 mothers (1.5%) in this cohort and there was no significant difference in HIV-1 VT (OR: 7.0; CI 95%: 0.8-60. The mode of delivery varied along the studied period, with the tendency of cesarean rates being higher than the vaginal delivery rates, mainly in 2011 and 2013 (►Fig. 2). Vaginal delivery route was not associated with a higher risk of HIV transmission (OR: 0.2; CI 95%: 0.1-1.6).
A gradual increase of ART use during pregnancy was observed during the years of study, varying from 80.2% of the pregnant women in 2006 to $ 100%, from 2010 to 2014. Prescription of highly active antiretroviral therapy (HAART) was also observed, going from 74.5%, in 2006, to 100%, in 2014 (p ¼ 0.08) (►Fig. 3).
The variables for multivariate analysis were selected from ►Table 1, adopting as selection criterion the value of Note: It was not possible to obtain all the information for some of the variables. p < 0.25, and also including those that, despite not presenting this p value, are described in the literature as associated with VT. The following variables were selected: maternal VL higher than 1,000 copies/mL; maternal use of ART; method of delivery; low birth weight: prematurity; neonatal complications; and maternal breastfeeding. Maternal VL > 1,000 copies/mL was the single risk factor that remained associated with VT in the logistic regression's final model (OR: 6.6; CI 95%: 1.3-33.3; p ¼ 0.02).
Discussion
There are evidences that in the absence of interventions during prenatal care and delivery of pregnant women infected by HIV, VT rates from 15 to 45% are observed, and with effective interventions, there is a reduction to rates as low as 5%. 19 These interventions are already well consolidated in the literature, and include: universal tracking of pregnant women; ART use during prenatal care and delivery, with consequent VL reduction; definition of mode of delivery according to the VL near the time of delivery; administration of ART to the newborn; and replacement of maternal breastfeeding with infant formula.
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Significant temporal reduction is observed in the HIV VT rate of the present study (1.9%), when compared with the period from 1998 to 2005, for which it was 6.2% (p < 0.05). and 2011-a significant reduction in VT rates was observed, from 11.8% to 3.2%, respectively (p < 0.001). According to these authors, the increase of HAART use during pregnancy, the reduction of the maternal VL and an interval lower than 4 hours between the rupture of the membranes and birth were the factors that were associated with VT reduction.
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Barral et al, 23 analyzing the results of 262 pairs of mothers and children from 2003 to 2007, found a VT rate of 3.8%. Two risk factors significantly contributed for maternal-fetal transmission, according to these authors: no use of HAART by pregnant women, and non-adherence to prenatal care at referral service. Another study, performed in Alagoas, evaluating the results of 76 pairs of mothers and children, showed that 19.0% of the pregnant women did not perform the prophylaxis with ART during the pregnancy, and 22.4% in the peripartum period, resulting in a VT rate of 6.6%. According to these authors, the lost opportunities for VT prevention were: late start of prenatal care, with all its consequences; late start of ART use in the newborns; and maternal breastfeeding. 24 The present study evidences significant reduction of VT observed at a reference center for HIV-infected pregnant women, over time, especially for the increase in the implementation of interventions that, in concordance with other national studies, seem to more deeply impact the reduction of the HIV risk of VT. In 1999, the WITS (Women and Infants Transmission Study Group) confirmed the association between near childbirth VL higher than 1,000 copies/mL and elevated rates of VT. 25 Following this landmark study, a national publication, analyzing data of 262 pairs of mothers and children, confirmed the association of maternal near childbirth VL higher than 1,000 copies/mL and the infection in the newborn, presenting similar results to those of the present study (OR-4.98; CI 95%:1.32-18.7). On the other hand, a meta-analysis published in 1999 showed a strong reduction of HIV VT associated with elective cesarean section in patients with VL above 1,000 copies/mL, or unknown, close to birth.
28 Therefore, several countries started adopting the VL screening around the 34th week of pregnancy to elect the mode of delivery. Currently, for pregnant women undergoing ART, and with VL suppression (or undetectable VL), vaginal delivery is recommended, except if there is any factor to contraindicate the vaginal delivery. 2, 6 In our study, maternal VL higher than 1,000 copies/mL had significant association with VT (OR-6.6; CI 95%: 1.3-33.3), corroborating data from the literature. A high transmission rate was verified in 2013 (3.4%), in spite of ART prescription for almost all pregnant women, in association with a high caesarean rate (78.0%), showing a heroic attempt of additional intervention for HIV VT. A floating standard was observed in the mode of delivery for the pregnant women included in the present study, with a reduction of cesarean rates, favoring vaginal delivery, from 2008 to 2010. However, surgical procedure rates increased again, mainly in 2011 and in 2013, for the most diverse reasons: VL > 1,000 copies/mL, or unknown viremia close to birth; iterativity; rupture of membranes; increase in intrapartum cesarean indications; pelvic presentation; fetal suffering; cephalopelvic disproportion. It is important to highlight that the number of new HIV-infected pregnant women in our service decreased to approximately half of the annual population in the follow-up. This may justify the more frequent indication of cesarean section as the main intervention in a population with a previous C-section.
The elective caesarean reduces the VT rates in pregnant women not undergoing ART, 28 or among those who use zidovudine (ZDV) in monotherapy. 29 However, even in the age of combined ART, the mode of delivery method is still under discussion. An European multicenter study showed that the elective cesarean reduces HIV VT, when compared with vaginal delivery or emergency cesarean, in patients with VL between 50 and 400 copies/mL (OR: 0.20; CI 95%: 0.05-0.65). The difference was not significant for patients with VL below 50 copies/mL. 30 Another study performed in the UK showed that the VT rates were higher in patients with vaginal delivery, even after adjustment regarding the use of ART (OR: 4.16; CI 95%: 1.66-10.41).
12 Such findings motivated some authors to recommend elective cesarean for patients with VL between 50 and 400 copies/mL, against most of the international protocols, which recommend elective cesarean only for patients with VL above 1,000 copies/mL.
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Additional analysis over time will be required to indicate the protective effect of the surgical method in our population.
Regarding intrapartum ZDV administration, some authors have shown that around 77 to 92.8% of women received the medicine during the period of the study. Its non-administration may be explained by the lack of time-due to the late arriving of women in the maternity at the last stage of delivery -and also due to the non-availability of ZDV in the hospital, or because the HIV testing was done after childbirth. 20 In our study, there was a peripartum/intrapartum ZDV use of 85.3% for attack dose, and 71.8% for maintenance dose, for similar reasons to those mentioned in the literature. The information about the time of membranes rupture was available for only 35% of the population in our study, but there was no case of VT associated with this occurrence. Therefore, a more conclusive evaluation of the non-registered information cannot be made. A meta-analysis involving 4,721 HIV-infected pregnant women who did not breastfeed, and whose time interval between the rupture of membranes and childbirth was lower than 24 hours, showed that the VT risk increased 2% (OR-1.02: CI 95%:1.01-1.04) for each hour between the time of rupture and the birth.
32 These findings reinforced the recommendations of international protocols for maintaining the integrity of the membranes during labor and, in the case of rupture, it is proposed that the labor should occur within a maximum of 4 hours after this event, to avoid HIV VT. However, recent studies have challenged these results. Cotter et al, 33 in a cohort involving 707 HIV-infected pregnant women using ART, and with 4 or more hours of rupture of membranes during labor, did not find higher VT rates when the antepartum VL was lower than 1,000 copies/mL. Similar results were found by Peters et al, 34 in a cohort of 2,116 pregnant women and their newborns: The VT rate between women with term pregnancy and antepartum VL below 50 copies/mL was of 0.14% for those with time of rupture of membranes above 4 hours, and 0.12% for women with less than 4 hours, without statistical significance (OR-1.14; CI 95%:0.07-18.27).
Maternal breastfeeding is an additional transmission risk, once that the VT rate in the first weeks of life could reach 8.9 infections/100 children-year, among these neonates. However, for concomitant maternal treatment with ART during the breastfeeding period, the VTrate varies from 1 to 5%, regardless of maternal VL. 15 Therefore, breastfeeding is proscribed in HIV-infected mothers. It could be observed that breastfeeding was practically abolished in our cohort, occurring only on 1.5% of all cases, which is a significant reduction when compared with the previous study of 1998-2005, when it was of 6.1% (p < 0.001). 18 In the current study, among mothers who breastfed, 80% had their children in hospitals other than the reference services, and only one infected newborn may be associated with maternal breastfeeding, in 2008. This patient did not show up for the follow-up in our referral service, suggesting a lost counseling opportunity. On the other hand, sociocultural and economic factors may also be responsible for the decision to breastfeed. A study performed in the northeast region of Brazil showed that children in this region are the most likely to be breastfed. At the same time, familiar and social expectations expose HIV-infected mothers to embarrassing situations and create different reasons to breastfeed.
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The results of the present cohort were coherent with the low HIV VT rates in the period, confirming the effectivity of the Ministry of Health's Guidelines, 6 which follows the international protocols, and emphasize the importance of the interventions pointed out to prevent the maternal-fetal transmission of HIV. Finally, practically all patients were using ART, and an important reduction in VT rates was observed in the same period, which confirmed the need of ART for all HIV-infected pregnant women, regardless of the clinical and immunological criteria. It is also important to highlight that ART should not be discontinued after childbirth.
Conclusion
We conclude that, using the internationally recommended procedures for HIV VT prophylaxis adopted by the Brazilian Ministry of Health, the number of infected children can be effectively reduced. This study may also serve as a model to other reference centers in the monitoring of pregnant women with HIV, and it reinforces the impact of the implementation of these procedures on VT reduction over the years. 
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